Introduction
============

Anterior uveitis is the most common form of intraocular inflammation.[@b1-opth-9-2325]--[@b3-opth-9-2325] The disease is caused by immune-mediated, infectious and undetermined disorders. Forty-eight percent of new cases of uveitis were idiopathic in a recent large epidemiological study.[@b4-opth-9-2325] With improvements in molecular diagnostic techniques, viruses are increasingly being identified as a cause of anterior uveitis. Viral anterior uveitis is the most common form of infectious anterior uveitis and accounts for more than 10% of cases of anterior uveitis.[@b5-opth-9-2325] Viral etiology should be suspected in patients with unilateral anterior uveitis and signs of diffuse, fine, stellate or dendritic keratic precipitates (KPs), ocular hypertension, and iris atrophy.[@b6-opth-9-2325]

Viral anterior uveitis is caused mainly by viruses from the Herpesviridae family. Herpes viruses are commonly encountered causes of infections in both immunocompe-tent and immunocompromised individuals. This family includes herpes simplex virus (HSV) types 1 and 2, varicella zoster virus, cytomegalovirus (CMV), Epstein--Barr virus (EBV), and human herpes virus types 6, 7, and 8. The main viruses responsible for ocular inflammation are HSV type 1, varicella zoster virus, and CMV. EBV and HSV type 2 have also been detected in ocular fluids of patients with anterior uveitis, though less frequently.[@b7-opth-9-2325] The rubella virus may induce a distinct clinical spectrum of ocular symptoms similar to the Fuchs heterochromic iridocyclitis.[@b8-opth-9-2325],[@b9-opth-9-2325] The chikungunya virus and parechoviruses have also been associated with anterior uveitis.[@b10-opth-9-2325]--[@b12-opth-9-2325] However, EBV is frequently found in ocular fluids from patients with another uveitis entity, for example, toxoplasmosis, or without intraocular inflammation.[@b13-opth-9-2325],[@b14-opth-9-2325] EBV was also detected in ocular fluids without evidence of concurrent intraocular antibody production.[@b12-opth-9-2325] Accordingly, polymerase chain reaction (PCR) detection of EBV in ocular fluids should be interpreted with caution.

In order to effectively manage patients with anterior uveitis, clear distinction between infectious and noninfectious causes should be done. Two types of tests are most commonly performed to detect the causative viral agent. The first one is detection of specific antibody production in ocular fluids (Goldmann-Witmer coefficient \[GWC\]) and the second method is to detect viral genome by using qualitative or quantitative PCR methods. The main objective of this study is to determine the viral etiology in unilateral cases of anterior uveitis by PCR assay.

Patients and methods
====================

A total of 12 consecutive immunocompetent patients with the diagnosis of idiopathic unilateral anterior uveitis were included. The patients presented with signs suggestive of viral etiology including: unilateral anterior uveitis, diffuse stellate KPs, ocular hypertension, and/or iris atrophy. Inflammation was acute in ten patients and chronic in two patients. All other causes of uveitis were excluded, including HLA-B27-related uveitis. Each patient underwent complete ophthalmic examination, medical evaluation, and laboratory investigations whenever indicated. The determination of antiviral antibodies in the serum was done for the selected patients. Ophthalmic evaluation included determination of visual acuity, applanation tonometry, slit-lamp biomicroscopy, and ophthalmos-copy. All patients underwent a tailored laboratory screening approach, which included complete blood counts, erythrocyte sedimentation rate, and chest X-ray. Tuberculin skin test was done for all patients. HLA-B27 typing was performed if the patients had an acute attack of unilateral uveitis.

Aqueous specimens were obtained from each patient by anterior chamber paracentesis. The aqueous samples were stored at −70°C prior to analysis at the Clinical Virology of the Medical Microbiology department of the University Medical Center Utrecht, Utrecht, the Netherlands. Aqueous was subjected to PCR analysis for the detection of viral nucleic acid of HSV, varicella zoster virus, CMV, EBV, and rubella virus. The last three patients ([Table 1](#t1-opth-9-2325){ref-type="table"}) were not tested for EBV or rubella virus due mainly to insufficient sample. All PCR analyses were performed essentially as described previously.[@b7-opth-9-2325],[@b12-opth-9-2325] Institutional review board approval from The Eye Center and King Khalid Eye Specialist Hospital Review Boards and written consent from each patient were obtained. The study was adherent to the tenets of the Declaration of Helsinki.

Results
=======

A total of 12 consecutive immunocompetent patients with the diagnosis of idiopathic unilateral anterior uveitis were included. There were six male and six female patients. The mean age was 43 years, with an age range of 11--82 years. All the 12 cases presented with unilateral anterior uveitis. Four (33%) out of the 12 patients showed positive results for viral etiology ([Table 1](#t1-opth-9-2325){ref-type="table"}). Two patients were positive for HSV-1, one patient was positive for CMV and one for EBV. Ten (82%) out of the 12 cases had elevated intraocular pressure. Five cases showed fine diffuse KPs, three cases showed medium-sized KPs, two cases showed inferior KPs, and one showed mutton-fat KPs. Five had posterior synechiae and three cases showed iris atrophy. There was no different pattern of clinical features in the patients with a viral etiology compared with those with a negative PCR outcome.

Discussion
==========

Effective management of patients with anterior uveitis requires clear differentiation between infectious and noninfectious causes. Every effort should be made to identify the cause of uveitis. This depends mainly on the clinical picture, and in cases of uncertainty, laboratory investigations should be considered. For the diagnosis of infectious uveitis, the obtained sample is usually an anterior chamber paracente-sis or a vitreous tap.[@b15-opth-9-2325] In cases of viral anterior uveitis, two types of tests are most commonly performed to detect the causative viral agent including specific antibody detection and PCR analysis in the ocular tissues or fluids.

Antibodies that are found in the eye during an attack of uveitis can be derived from the blood due to either disruption of the blood--aqueous barrier or intraocular synthesis by plasma cells.[@b16-opth-9-2325] GWC analysis is applied to determine actual intraocular production of antibodies. The second method is to detect viral genome by using qualitative or quantitative PCR.

The PCR is a powerful molecular biological tool that involves enzymatic amplification of nucleic acid sequences in repeated cycles of denaturation, oligonucleotide annealing, and DNA polymerase extension. PCR has revolutionized much of molecular biology and has greatly accelerated the development of molecular diagnostics. However, the use of PCR to determine the viral genome in the aqueous can lead to a diagnosis of viral uveitis if it is positive, but cannot exclude a viral etiology if it is negative.

Studies have shown that combining these two techniques will generally increase the diagnostic yield.[@b7-opth-9-2325],[@b17-opth-9-2325] However, in certain cases, such as immunocompromised states, antibody testing may be less reliable, most likely due to aberrant antibody synthesis.[@b18-opth-9-2325] In these cases, PCR is preferred. On the other hand, in chronic infectious uveitis, such as rubella virus-associated ocular disease, the GWC analysis is superior.[@b9-opth-9-2325],[@b19-opth-9-2325]

Viruses have long been suspected as causative agents in unilateral cases of anterior uveitis. Indeed, studies have shown that viral infection is a major cause of anterior uveitis. Viral uveitis determined by either real-time PCR and/or GWC was documented in 20 out of 30 patients (67%).[@b20-opth-9-2325] In our series, only four (33%) out of 12 patients showed positive results for viral etiology using PCR. In another series including larger numbers of patients, positive results for microbial causes were obtained in 54 (23%) out of 230 patients suspected of infectious uveitis.[@b7-opth-9-2325]

The discrepancy between the clinically presumed viral etiology of anterior uveitis and the low rate of actual identification of the viral genome could be explained in different ways. Not all patients may be analyzed by both diagnostic assays as in our patients. Moreover, the negative results may be due to anterior uveitis caused by a nonviral disease or by a virus that was not tested for in the aqueous samples.[@b17-opth-9-2325] In addition, PCR may show false-negative results due to a short-lived release of the virus into the aqueous humor.[@b7-opth-9-2325] PCR may also be positive only after repeated taps, resulting from a low viral load in combination with a limited volume of aqueous sample or depending on the time of sampling after onset of disease.[@b7-opth-9-2325],[@b13-opth-9-2325] The limitations of our study are low number of patients and the aqueous samples were not subjected to detect viral antibodies.

Studies have shown that combining PCR and GWC will generally increase the diagnostic yield.[@b7-opth-9-2325],[@b17-opth-9-2325] However, in certain cases, such as immunocompromised states, antibody testing may be less reliable, most likely due to aberrant antibody synthesis.[@b18-opth-9-2325] In these cases, PCR is preferred. On the other hand, in chronic infectious uveitis, such as rubella virus-associated ocular disease, the GWC analysis is superior.[@b9-opth-9-2325],[@b19-opth-9-2325]

A high index of suspicion toward an intraocular infection should be kept in mind in cases of unilateral anterior uveitis. The clinician should bear in mind the possibility of viral etiology. However, according to our series, only 33% of the clinically suspected cases of viral etiology are proven by PCR.
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Results of PCR and GWC of aqueous samples

  Number   Age (years)   Sex      Aqueous PCR
  -------- ------------- -------- --------------------
  1        38            Female   Negative
  2        35            Male     Negative
  3        49            Male     Negative
  4        25            Female   Negative
  5        70            Female   Positive for EBV
  6        14            Male     Negative
  7        27            Male     Positive for CMV
  8        22            Female   Negative
  9        11            Female   Negative
  10       71            Male     Positive for HSV-1
  11       82            Female   Positive for HSV-1
  12       70            Male     Negative

**Abbreviations:** CMV, cytomegalovirus; EBV, Epstein--Barr virus; GWC, Goldmann-Witmer coefficient; HSV, herpes simplex virus; PCR, polymerase chain reaction.
